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(54) COMMUNICATION METHOD AND APPARATUS FOR CONTROL CHANNEL

(57) The present invention provides a communica-
tion method for a control channel and an apparatus,
where the control channel includes at least one timeslot,
and the method includes: obtaining, according to a first
data symbol sequence [q(0),q(1),L q(M-1)] to be trans-
mitted in a timeslot and coefficients a(i) and d(i), a second
data symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-
1)] and a third data symbol sequence [a(0)q(0),a(1)q(1),

L ,a(M-1)q(M-1)], where, in a(i)+d(i), at least one pair of
a(u)+d(u) and a(v)+d(v) have unequal moduli; and using
the same extension sequence [w(0),w(1),L ,w(N-1)] to
process the second data symbol sequence and the third
data symbol sequence, mapping the processed data re-
spectively onto the same time-frequency resources cor-
responding to a first antenna array and a second antenna
array, and transmitting the data, where i, u, and v are
integers, 0≤i≤M-1, and u≤v.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 201110110640.4, filed with the Chinese Patent
Office on April 29, 2011 and entitled "COMMUNICATION METHOD FOR CONTROL CHANNEL AND APPARATUS",
which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to communication technologies, and in particular, to a communi-
cation method for a control channel and an apparatus.

BACKGROUND

[0003] In a long term evolution advanced (Long Term Evolution Advanced, LTE-A for short) system, uplink physical
channels include: physical uplink shared channel (Physical Uplink Shared Channel, PUSCH for short) and physical
uplink control channel (Physical Uplink Control Channel, PUCCH for short). In general, uplink control signaling is trans-
mitted over a PUCCH, and types of uplink control signaling mainly include: channel quality indicator (Channel Quality
Indicator, CQI for short) signaling, acknowledgement/non-acknowledgement (Acknowledged/non-acknowledged, ACK/
NACK for short) message, and scheduling request indication message.
[0004] In an LTE/LTE-A system, when uplink control signaling is transmitted over a PUCCH, different types of control
signaling are transmitted in different formats (or carriers), such as PUCCH format (format) 1/1a/1b, format (format) 2/2a/
2b, and format (format) 3. Each PUCCH format is formed by two timeslots. Each timeslot (slot) occupies a physical
resource block (Physical Resource Block, PRB for short) defined by LTE/LTE-A. From the time perspective, a PRB
includes seven or six single-carrier frequency division multiple access (Single Carrier-Frequency Division Multiple Access,
SC-FDMA for short) symbols; from the frequency perspective, a PRB occupies 12 consecutive subcarriers defined by
LTE/LTE-A. A specific PUCCH format is intended for transmitting certain uplink control signaling, and, for simplicity, a
PUCCH format is herein called a PUCCH. One PRB can accommodate multiple PUCCHs of the same PUCCH format,
and different PUCCHs are distinguished by different sequences. Generally, different PUCCH formats are not distin-
guishable from each other within one PRB.
[0005] It is assumed that one PRB can accommodate up to D PUCCHs of a specific format, which are distinguished
from each other by D different sequences. In the prior art, if a transmitting terminal has only one transmitting antenna
and each terminal needs to transmit a different PUCCH, one PRB can support up to D transmitting terminals to transmit
uplink control signaling simultaneously. In the prior art, if a transmitting terminal has two transmitting antennas, where
each antenna of each terminal needs to transmit a different PUCCH, that is, each transmitting terminal requires two
PUCCHs, one PRB can support up to D/2 transmitting terminals. With the increase of antennas, the number of transmitting
terminals supported by one PRB is decreased. Therefore, the transmitting terminals borne in one PRB are limited, which
leads to a low rate of resource utilization.

SUMMARY

[0006] Embodiments of the present invention provide a communication method for a control channel and an apparatus
to improve resource utilization effectively.
[0007] An embodiment of the present invention provides a communication method for a control channel, where the
control channel includes at least one timeslot, and the method includes:

obtaining, according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and coeffi-
cients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L , a(M-1)q(M-1)] and a third data symbol
sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)], where, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have
unequal moduli; and
using the same extension sequence [w(0),w(1),L ,w(N-1)] to process the second data symbol sequence and the
third data symbol sequence, mapping the processed data respectively onto the same time-frequency resources
corresponding to a first antenna array and a second antenna array, and transmitting the data,
where, i, u, and v are integers, 0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u ≠ v.

[0008] An embodiment of the present invention provides a transmitting terminal, including:
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a data symbol obtaining module, configured to obtain, according to a first data symbol sequence [q(0),q(1),L ,q(M-
1)] to be transmitted in a timeslot and coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),
L , a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)], where, in a(i)+d(i), at least
one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; and
a data symbol processing module, configured to use the same extension sequence to process the second data
symbol sequence and the third data symbol sequence, map the processed data respectively onto the same time-
frequency resources corresponding to a first antenna array and a second antenna array, and transmit the data,
where, i, u, and v are integers, 0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u≠v.

[0009] Further, an embodiment of the present invention provides a communication method for a control channel, where
the control channel includes at least one timeslot, and the method includes:

receiving first data transmitted by a transmitting terminal, where the first data is obtained after the transmitting
terminal uses the same extension sequence [w(0),w(1),L ,w(N-1)] to process a second data symbol sequence [a(0)
q(0),a(1)q(1),L , a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)] that are ob-
tained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and coefficients
a(i) and d(i), and then mapped respectively onto the same time-frequency resources corresponding to a first antenna
array and a second antenna array and transmitted; and
obtaining, according to the first data, the extension sequence [w(0),w(1),L ,w(N-1)], and the coefficients a(i) and d
(i), a data symbol q(i) to be transmitted by the transmitting terminal,
where, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; i, u, and v are integers, 0≤i≤M-
1, 0≤u≤M-1, 0≤v≤M-1, and u≠v.

[0010] An embodiment of the present invention provides a receiving terminal, including:

a receiving module, configured to receive first data transmitted by a transmitting terminal, where the first data is
obtained after the transmitting terminal uses the same extension sequence [w(0),w(1),L ,w(N-1)] to process a second
data symbol sequence [a(0)q(0),a(1)q(1),L , ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,
d(M-1)q(M-1)] that are obtained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in
a timeslot and coefficients a(i) and d(i), and then mapped respectively onto the same time-frequency resources
corresponding to a first antenna array and a second antenna array and transmitted; and
an obtaining module, configured to obtain, according to the first data, the extension sequence [w(0),w(1),L ,w(N-
1)], and the coefficients a(i) and d(i), a data symbol q(i) to be transmitted by the transmitting terminal,
where, in a(i)+d(i), in pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; i, u, and v are integers, 0≤i≤M-1, 0≤u≤M-
1, 0≤v≤M-1, and u≠v.

[0011] By using the communication method for a control channel and the apparatuses in the embodiments of the
present invention, a second data symbol sequence and a third data symbol sequence are obtained according to a first
data symbol sequence to be transmitted in a timeslot and coefficients a(i) and a(i), the same extension sequence is used
to process the second data symbol sequence and the third data symbol sequence, and the processed data is respectively
mapped onto the same time-frequency resources corresponding to a first antenna array and a second antenna array
and is transmitted. In a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli, and each antenna array
can use the same extension sequence. Therefore, the same PRB can bear more transmitting terminals, and resource
utilization is improved effectively.

BRIEF DESCRIPTION OF DRAWINGS

[0012] To illustrate the technical solutions in the embodiments of the present invention or in the prior art more clearly,
the following briefly introduces the accompanying drawings required for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following description show merely some embodiments of the present
invention, and a person of ordinary skill in the art may still derive other drawings from these accompanying drawings
without creative efforts.

FIG. 1 is a flowchart of a communication method for a control channel according to an embodiment of the present
invention;
FIG. 2 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention;
FIG. 3 is a schematic principle diagram of a communication method for a control channel according to an embodiment
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of the present invention;
FIG. 4 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention;
FIG. 5 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention;
FIG. 6 is a schematic principle diagram of a communication method for a control channel according to an embodiment
of the present invention;
FIG. 7 is a schematic diagram of a communication method for a control channel according to another embodiment
of the present invention;
FIG. 8 is a schematic principle diagram of a communication method for a control channel according to an embodiment
of the present invention;
FIG. 9 is a schematic diagram of a communication method for a control channel according to another embodiment
of the present invention;
FIG. 10 is a schematic principle diagram of a communication method for a control channel according to an embodiment
of the present invention;
FIG. 11 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention;
FIG. 12 is a schematic structural diagram of a transmitting terminal according to an embodiment of the present
invention;
FIG. 13 is a schematic structural diagram of a transmitting terminal according to another embodiment of the present
invention;
FIG. 14 is a schematic structural diagram of a transmitting terminal according to another embodiment of the present
invention;
FIG. 15 is a schematic structural diagram of a transmitting terminal according to another embodiment of the present
invention;
FIG. 16 is a schematic structural diagram of a receiving terminal according to an embodiment of the present invention;
and
FIG. 17 is a schematic structural diagram of a receiving terminal according to another embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0013] To make the objectives, technical solutions, and advantages of the embodiments of the present invention more
comprehensible, the following clearly and completely describes the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings in the embodiments of the present invention. Apparently, the
described embodiments are merely a part rather than all of the embodiments of the present invention. All other embod-
iments obtained by a person of ordinary skill in the art based on the embodiments of the present invention without creative
efforts shall fall within the protection scope of the present invention.
[0014] FIG. 1 is a flowchart of a communication method for a control channel according to an embodiment of the
present invention. As shown in FIG. 1, the control channel includes at least one timeslot, and the method in this embod-
iment includes the following:

Step 101: Obtain, according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and
coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L , a(M-1)q(M-1)] and a third data symbol
sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)], where, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have
unequal moduli;
Step 102: Use the same extension sequence [w(0), w(1),L , w(N-1)] to process the second data symbol sequence
and the third data symbol sequence, map the processed data respectively onto the same time-frequency resources
corresponding to a first antenna array and a second antenna array, and transmit the data;
where, i, u, and v are integers, 0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u≠v.

[0015] In this embodiment, the first antenna array and the second antenna array are arranged on the same transmitting
terminal, and the first antenna array and the second antenna array each may include at least one antenna. The transmitting
terminal may be a user equipment such as a mobile phone. The format of the control channel may be PUCCH format
2 (format 2) and/or PUCCH format 3 (format 3) in an LTE and/or LTE-A system. It should be noted that the number of
antennas in the first antenna array and the number of antennas in the second antenna array may be equal or may not
be equal. In addition, the same time-frequency resources may include the same PRB, and the same SC-FDMA symbols
and/or subcarriers on the PRB.
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[0016] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to a first data symbol sequence to be transmitted in a timeslot and coefficients a(i) and d(i), the same extension sequence
is used to process the second data symbol sequence and the third data symbol sequence, and the processed data is
respectively mapped onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array and is transmitted. In a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli, and each
antenna array can use the same extension sequence. Therefore, the same PRB can bear more transmitting terminals,
and resource utilization is improved effectively.
[0017] FIG. 2 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention. In this embodiment, PUCCH format 3 (format 3) is taken as an example. Specifically, in an LTE-A
system, an ACK/NACK message is transmitted over a PUCCH using PUCCH format 3. On a PRB occupied by the format
in a timeslot (slot), there are 7 or 6 SC-FDMA symbols, of which 2 SC-FDMA symbols are used for transmission of pilot
portion and the remaining 5 or 4 symbols are used for data symbol transmission. From a frequency perspective, the
format occupies 12 subcarriers of one PRB defined in LTE/LTE-A, where each subcarrier indirectly corresponds to one
quaternary phase shift keying (Quaternary Phase Shift Keying, QPSK for short) modulation symbol, each QPSK mod-
ulation symbol carries 2 bits, and therefore, one timeslot needs to carry 12*2 = 24 bits in total. Therefore, the entire DFT-
S-OFDM format needs to carry a total of 24 QPSK modulation symbols, that is, 48 bits, in two timeslots.
[0018] More specifically, the antennas of the transmitting terminal are grouped into two arrays to obtain a first antenna
array and a second antenna array. Each antenna array includes at least one antenna. Information bits received by the
user equipment undergo channel coding (Channel coding), scrambling (scrambling), and QPSK modulation to obtain [q
(0),q(1),L ,q(23)], where [q(0),q(1),L ,q(11)] may be transmitted in a first timeslot over the control channel, and [q(12), q
(13),L ,q(23)] may be transmitted in a second timeslot over the control channel. This embodiment describes the technical
solution of the present invention in detail by assuming that [q(0), q(1),L ,q(11)] is transmitted in the first timeslot. As
shown in FIG. 2, the method in this embodiment includes the following:

Step 201: Obtain, according to a first data symbol sequence [q(0),q(1),L ,q(11)] to be transmitted in a first timeslot
and coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(11)q(11)] and a third data
symbol sequence [d(0)q(0),d(1)q(1),L ,d(11)q(11)] , where, in a(i)+d(i) , at least one pair of a(u)+d(u) and a(v)+d(v)
have unequal moduli.
Step 202: Perform a discrete Fourier transformation (Discrete Fourier Transform, DFT for short) or fast Fourier
transformation (Fast Fourier Transformation, FFT for short) on the data symbol a(i)q(i) in the second data symbol
sequence and the data symbol d(i)q(i) in the third data symbol sequence, to obtain a fourth data symbol sequence
[Q1(0),Q1(1),L ,Q1(11)] and a fifth data symbol sequence [Q2(0),Q2(1),L ,Q2(11)].
Step 203: Use the same extension sequence [w(0),w(1),L ,w(4)] to extend each data symbol Q1(i) in the fourth data
symbol sequence and each data symbol Q2(i) in the fifth data symbol sequence, map first 5-block data [Q1(0)w(m),
Q1(1)w(m),L ,Q1(1)w(m)] and second 5-block data [Q2(0)w(m),Q2(1)w(m),L ,Q2(11)w(m)] obtained by extension
respectively onto the (m + 1)th SC-FDMA symbol for data part transmission in the same PRB corresponding to a
first antenna array and a second antenna array, and transmit the data,
where, m is an integer, and m = 0,1,L ,4.
Step 204: Transmit a first pair of pilot signals on an SC-FDMA symbol for transmission of pilot portion in the time-
frequency resources corresponding to the first antenna array, and transmit a second pair of pilot signals on an SC-
FDMA symbol for transmission of pilot portion in the pilot resources corresponding to the second antenna array.

[0019] Specifically, FIG. 3 is a schematic principle diagram of a communication method for a control channel according
to an embodiment of the present invention. As shown in FIG. 3, the data symbol a(i)q(i) in the second data symbol
sequence undergoes DFT or FFT transformation to obtain a fourth data symbol sequence [Q1(0),Q1(1),L ,Q1(11)], and
each Q1(i) in the fourth data symbol sequence [Q1(0), Q1(1),L ,Q1(11)] is extended by using an extension sequence [w
(0),w(1),L ,w(4)] to obtain the first 5-block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(11)w(m)] , where m=0,1,L ,4 . Subsequently,
[Q1(0)w(0),Q1(1)w(0),L ,Q1(11)w(0)] is mapped onto the first SC-FDMA symbol for data part transmission in the PRB
corresponding to the first antenna array, [Q1(0)w(1),Q1(1)w(1),L ,Q1(11)w(1)] is mapped onto the second SC-FDMA
symbol for data part transmission in the PRB, and so on, until [Q1(0) w(4), Q1(1)w(4),L ,Q1(11)w(4)] is mapped onto the
fifth SC-FDMA symbol for data part transmission in the PRB corresponding to the first antenna array. It should be noted
in this embodiment, before [Q1(0)w(m),Q1(1)w(m),L ,,Q1(11)w(m)] is mapped onto the (m+1)th SC-FDMA symbol for
data part transmission in the PRB corresponding to the first antenna array, cyclic shift may first be performed on [Q1(0)
w(m),Q1(1)w(m),L ,Q1(11)w(m)]. Subsequently, the data block obtained by the cyclic shift is mapped onto the (m+1)th

SC-FDMA symbol for data part transmission in the PRB corresponding to the first antenna array. For example, a specific
form of mapping [Q1(0)w(m),Q1(1)w(m),L ,,Q1(11)w(m)] onto the (m+1)th SC-FDMA symbol for data part transmission
in the PRB corresponding to the first antenna array is shown in Table 1:
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[0020] DFT or FFT transformation is performed on the data symbol d(i)q(i) in the third data symbol sequence to obtain
a fifth data symbol sequence [Q2(0),Q2(1),L ,Q2(11)], and each Q2(i) in the fifth data symbol sequence [Q2(0), Q2(1),L ,
Q2(11)] is extended by using the same extension sequence [w(0),w(1),L ,w(4)] to obtain the second 5-block data [Q2(0)
w(m),Q2(1)w(m),L ,Q2(11)w(m)], where m=0,1,L ,4. Subsequently, the second 5-block data is mapped onto the first SC-
FDMA symbol for data part transmission in the PRB corresponding to the second antenna array, [Q2(0)w(1),Q2(1)w(1),
L ,Q1(11)w(1)] is mapped onto the second SC-FDMA symbol for data part transmission in the PRB corresponding to
the second antenna array, and so on, until [Q2(0)w(4),Q2(1)w(4),L ,Q2(11)w(4)] is mapped onto the fifth SC-FDMA
symbol for data part transmission in the PRB corresponding to the second antenna array. It should be noted in this
embodiment, before [Q1(0)w(m),Q1(1)w(m),L ,Q1(11)w(m)] is mapped onto the (m+1)th SC-FDMA symbol for data part
transmission in the PRB corresponding to the second antenna array, cyclic shift may first be performed on [Q2(0)w(m),
Q2(1)w(m),L ,Q2(11)w(m)]. Subsequently, the data block obtained by the cyclic shift is mapped onto the (m+1)th SC-
FDMA symbol for data part transmission in the PRB corresponding to the second antenna array. For example, a specific
form of mapping [Q2(0)w(m),Q2(1)w(m),L ,Q2(11)w(m)] onto the (m+1)th SC-FDMA symbol for data part transmission
in the PRB corresponding to the second antenna array is shown in Table 2:

Table 1

First SC-
FDMA symbol

Pilot 1 Second SC-
FDMA symbol

Third SC-
FDMA symbol

Fourth SC-
FDMA symbol

Pilot 2 Fifth SC-FDMA 
symbol

Q1(i1) C11 Q1(i2) Q1(i3) Q1(i4) C12 Q1(i5)
*w(0) *RS11(0) *w(1) *w(2) *w(3) *RS12(0) *w(4)

Q1(i1+1) C11 Q1(i2+1) Q1(i3+1) Q1(i4+1) C12 Q1(i5+1)
*w(0) *RS11(1) *w(1) *w(2) *w(3) *RS12(1) *w(4)

Q1(i2+2) C11 Q1(i2+2) Q1(i3+2) ... C12 ...
*w(0) *RS11(2) *w(1) *w(2) *RS12(2)

... ... ... ... Q1(11) ... ...
*w(3)

... ... Q1(11) ... Q1(0) ... ...
*w(1) *w(3)

... ... Q1(0) Q1(11) Q1(1) ... ...
*w(1) *w(2) *w(3)

... ... Q1(1) Q1(0) ... ... Q1(11)
*w(1) *w(2) *w(4)

Q1(11) ... ... Q1(1) ... Q1(0)
*w(0) *w(2) *w(4)

Q1(0) ... ... ... ... ... Q1(1)
*w(0) *w(4)

Q1(1) ... ... ... ... ... ...
*w(0)

... C11 ... ... ... C12 ...
*RS11(10) *RS12(10)

Q1(i1-1) C11 Q1(i2-1) Q1(i3-1) Q1(i4-1) C12 Q1(i5-1)
*w(0) *RS11(11) *w(1) *w(2) *w(3) *RS12 (11) *w(4)

Table 2

First SC-
FDMA symbol

Pilot 1 Second SC-
FDMA symbol

Third SC-
FDMA symbol

Fourth SC-
FDMA symbol

Pilot 2 Fifth SC-FDMA 
symbol

Q2(i1) C21 Q2(i2) Q2(i3) Q2(i4) C22 Q2(i5)

*w(0) *RS21(0) *w(1) *w(2) *w(3) *RS22(0) *w(4)
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[0021] More specifically, coefficient a(i)=1, and coefficient  or

Coefficient a(i)=1, and coefficient  or

Coefficient a(i)=1, and coefficient  or

Coefficient  and coefficient 

where, n, γ1, and γ2 are integers, 0≤2n≤M-1, 0≤2n+1≤M-1, 0≤4n≤M-1, 0≤4n+1≤M-1, 0≤4n+2≤M-1, 0≤4n+3≤M-1, and γ1≠γ2.

[0022] Evidently, for the data part, the first antenna array is consistent with the second antenna array except that a(i)
q(i) needs to be replaced with d(i)q(i) in all relevant steps.
[0023] In addition, as shown in Table 1, two SC-FDMA symbols (pilot 1 and pilot 2) for transmission of pilot portion
exist in the PRB. Each pilot SC-FDMA symbol transmits a 12-bit sequence. A sequence actually used by each pilot SC-
FDMA symbol is derived from a 12-bit root sequence by performing cyclic shift (Cyclic Shift). For example, for the root
sequence [z(0),z(1),L ,z(11)], a sequence obtained by performing cyclic shift thereon is [z(i),z(i+1),L z(11),z(0),L ,z(i-1)].
In theory, all sequences derived from the root sequence by performing cyclic shift are basically orthogonal. However,
in practical applications, due to the multiple paths of a radio channel, two adjacent cyclically-shifted sequences such as

(continued)

First SC-
FDMA symbol

Pilot 1 Second SC-
FDMA symbol

Third SC-
FDMA symbol

Fourth SC-
FDMA symbol

Pilot 2 Fifth SC-FDMA 
symbol

Q2(i1+1) C21 Q2(i2+1) Q2(i3+1) Q2(i4+1) C22 Q2(i5+1)

*w(0) *RS21(1) *w(1) *w(2) *w(3) *RS22(1) *w(4)

Q2(i1+2) C21 Q2(i2+2) Q2(i3+2) ... C22 ...

*w(0) *RS21(2) *w(1) *w(2) *RS22 (2)

... ... ... Q2(11) ...

*w(3)

... Q2(11)w(1) ... Q2(0) ...

*w(3)

... Q2(0)w(1) Q2(11)w(2) Q2(1) ...

*w(3)

... Q2(1)w(1) Q2(0)w(2) ... Q2(11)

*w(4)

Q2(11) ... Q2(1)w(2) ... Q2(0)

*w(0) *w(4)

Q2(0) ... ... ... Q2(1)
*w(0) *w(4)

Q2(1) *w(0) ... ... ... ...

... C21 ... ... ... C22 ...

*RS21(10) *RS22(10)

Q2(i1-1) C21 Q2(i2-1) Q2(i3-1) Q2(i4-1) C22 Q2(i5-1)

*w(0) *RS21(11) *w(1) *w(2) *w(3) *RS22(11) *w(4)
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[z(i),z(i+1),L z(11),z(0),L ,,z(i-1)] and [z(i+1),z(i+2),L z(11),z(0),L ,z(i-1)] may be poorly orthogonal on a receiver side.
Therefore, cyclically-shifted sequences are generally fetched at intervals, for example, at intervals of 2 or 3. Being at
intervals of 2, only 6 sequences among 12 cyclically-shifted sequences are usable in a practical application. In this
embodiment, cyclic shift may be performed on a 12-bit root sequence to obtain a cyclically-shifted sequence RS1(i),
where i = 0,1,L ,11. The cyclically-shifted sequence is multiplied by coefficients C11 and C12 respectively to obtain a first
pair of pilot signals (C11RS1(i) and C12RS1(i)), and on the basis, in order to randomize interference, C11RS1(i) and
C12RS1(i) in the first pair of pilot signals may undergo further cyclic shift to obtain sequences C11RS11(i) and C12RS12
(i), respectively, and the obtained sequences are mapped onto two corresponding pilot SC-FDMA symbols. Finally, after
other possible processing such as inter-cell interference coordination and interference randomization, five SC-FDMA
symbols for data part transmission and two SC-FDMA symbols for transmission of pilot portion in the first timeslot undergo
OFDM modulation, and are then transmitted from the first antenna array.
[0024] As shown in Table 2, two SC-FDMA symbols (pilot 1 and pilot 2) for transmission of pilot portion exist in the
PRB. Similar to the processing of the first antenna array, in this embodiment, cyclic shift may be performed on a 12-bit
pilot sequence to obtain a cyclically-shifted sequence RS2(i), where i=0,1,L ,11. The cyclically-shifted sequence is mul-
tiplied by coefficients C21 and C22 respectively to obtain a second pair of pilot signals (C21RS21(i) and C22RS22(i)), and
on the basis, in order to randomize interference, C21RS21(i) and C22RS22(i) in the second pair of pilot signals may
undergo further cyclic shift to obtain sequences C21RS21(i) and C22RS22(i), respectively, and the obtained sequences
are mapped onto two corresponding pilot SC-FDMA symbols. Finally, after other possible processing such as inter-cell
interference coordination and interference randomization, five SC-FDMA symbols for data part transmission and two
SC-FDMA symbols for transmission of pilot portion in the first timeslot undergo OFDM modulation, and are then trans-
mitted from the second antenna array.
[0025] It should be noted that in the pilot part of the two antenna arrays, [RS1(0),RS1(1),L ,RS1(11)] is orthogonal to
[RS2(0), RS2(1),L ,RS2(11)]; or [C11,C12] is orthogonal to [C21,C22]. For example, [C11,C12] and [C21,C22] may be elements
in a sequence set {[1,1],[1,-1]} ; or, [RS1(0),RS1(1),L ,RS1(11)] is orthogonal to [RS2(0),RS2(1),L ,RS2(11)], and [C11,
C12] is also orthogonal to [C21,C22]. In addition, in the 12-bit cyclically-shifted sequences, 6 sequences are usable, and
two 2-bit sequences [C11,C12] and [C21,C22] are included. Therefore, 6*2=12 pairs of pilot signals may exist in total.
Each pair of pilot signals is formed by a 12-bit cyclically-shifted sequence and a 2-bit sequence.
[0026] It should be noted that in Table 1 and Table 2, the SC-FDMA symbols for data part transmission may have
different cyclic shift mappings or the same cyclic shift mapping.
[0027] In this embodiment, the first timeslot and the second timeslot may both use a 5-bit extension sequence or a 4-
bit extension sequence; or, one timeslot uses a 4-bit extension sequence, and the other timeslot uses a 5-bit extension
sequence. Specifically, for format 3, when the length of the extension sequence is 5, specific forms of 5 available
extension sequences are shown in Table 3:

[0028] In addition, for format 3, the length of the extension sequence may also be 4. Therefore, in the 4-bit extension
sequences, 4 extension sequences may be available, and their specific forms are shown in Table 4:

Table 3

Sequence No. noc Orthogonal sequence [wnoc (0) Λ wnoc (N-1)

N=5

0 [1 1 1 1 1]

1 [1 ej2π/5 ej4π/5 ej6π/5 ej8π/5]

2 [1 ej4π/5 ej8π/5 ej2π/5 ej6π/5]

3 [1 ej6π/5 ej2π/5 ej8π/5 ej4π/5]

4 [1 ej8π/5 ej6π/5 ej4π/5 ej2π/5]

Table 4

Number noc Orthogonal sequence [wnoc (0) Λ wnoc (N-1)]

N=4

0 [+1 +1 +1 +1]

1 [+1 -1 +1 -1]

2 [+1 +1 -1 -1]
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[0029] In this embodiment, the implementation of transmitting [q(11),q(1),L , q(23)] in the second timeslot through the
first antenna array and the second antenna array is similar to the implementation of transmitting [q(0),q(1),L , q(11)] in
the first timeslot through the first antenna array and the second antenna array, and details are not repeated herein.
[0030] In this embodiment, for the same PRB corresponding to the first antenna array and the second antenna array,
the first antenna array and the second antenna array of each transmitting terminal needs the same 5-bit extension
sequence [w(0),w(1),L ,w(4)]. In addition, because there are 5 mutually orthogonal extension sequences, from the per-
spective of the data part of a timeslot, the same PRB can simultaneously bear PUCCHs transmitted by 5 transmitting
terminals. In addition, two antenna arrays of each transmitting terminal each need a pair of pilot signals, and there are
12 pairs of pilot signals in total. Therefore, from the perspective of the pilot part of the timeslot, the same PRB can
simultaneously bear PUCCHs transmitted by 6 transmitting terminals. In summary, the same PRB can simultaneously
bear PUCCHs transmitted by main(5,6)=5 transmitting terminals, and thereby resource utilization is improved effectively.
[0031] In addition, it is assumed that, when each of the two antenna arrays of the transmitting terminal includes one
antenna, the first antenna array transmits a(i)q(i), and a channel fading coefficient to a receiving terminal is h1 ; the

second antenna array transmits d(i)q(i), and the channel fading coefficient to the receiving terminal is h2. For q(i), the

signal received by the receiving terminal is h1*a(i)q(i)+h2*d(i)q(i)=[h1*a(i)+h2*d(i)]*q(i), where h1*a(i)q(i) is the signal

transmitted from the first antenna array to the receiving terminal, h2*d(i)q(i) is the signal transmitted from the second

antenna array to the receiving terminal, and [h1*a (i)+h2 *d(i)] is an overall channel fading coefficient of signals transmitted

from the two antenna arrays to the receiving terminal with respect to q(i). In a(i)+d(i), there is at least one pair of a(j)+d
(j) and a(k)+d(k) whose moduli are unequal. Therefore, the power of overall channel fading coefficients corresponding

to all q(i) is not necessarily very small. For example, assuming a(i)=1, when  the overall

channel fading coefficient of some q(i) is [h1+h2], and the overall channel fading coefficient of other q(i) is [h1-h2]. More

specifically, assuming h1=10 and h2=-9.9, when h1+h2=0.1 , the performance in receiving some q(i) is poor, and when

h1-h2 =19.9, the performance in receiving some q(i) is good. In summary, no matter how the channel fading coefficient

h1 from the first antenna array to the receiving terminal is related to the channel fading coefficient h2 from the second

antenna array to the receiving terminal, in this embodiment, the overall channel fading coefficient of at least some q(i)
is good for the receiving performance. Therefore, from the perspective of the transmitting terminal, the overall performance
is improved effectively.
[0032] It should be noted that in this embodiment, both h1 and h2 are complex numbers, where a real number is a
special complex number.
[0033] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to a first data symbol sequence to be transmitted in a first timeslot and coefficients a(i) and d(i), the same extension
sequence is used to process the second data symbol sequence and the third data symbol sequence, and the processed
data is respectively mapped onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array and is transmitted. In a(i) + d(i) , at least one pair of a(u)+d(u) and a(ν)+ d(ν) have unequal moduli, two
antenna arrays of each transmitting terminal can share time-frequency resources, and each antenna array can use the
same extension sequence. Therefore, resource utilization is improved effectively. In addition, because there are 5
mutually orthogonal extension sequences, from the perspective of the data part of a timeslot, the same PRB can simul-
taneously bear PUCCHs transmitted by 5 transmitting terminals. In addition, two antenna arrays of each transmitting
terminal each need a pair of pilot signals, and there are 12 pairs of pilot signals in total. Therefore, from the perspective
of the pilot part of the timeslot, the same PRB can simultaneously bear PUCCHs transmitted by 6 transmitting terminals.
In summary, the same PRB can simultaneously bear PUCCHs transmitted by min(5,6)=5 transmitting terminals, and
thereby resource utilization is improved effectively.
[0034] Further, in another embodiment of the present invention, when the data symbols in the first data symbol sequence
are formed by P data symbol sets, and the P data symbol sets are obtained by performing channel coding and modulation
on P information bit sets, respectively. Therefore, in step 201, in a(i)+d(i), at least one pair of a(u)+d(u) and a(ν)+ d(ν)
have unequal moduli, as detailed below:

(continued)

Number noc Orthogonal sequence [wnoc
 (0) Λ wnoc

 (N-1)]

N=4

3 [+1 -1 -1 +1]
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In ak (i)+dk(i), at least one pair of ak(u)+dk(u) and ak(ν)+dk(ν) have unequal moduli, where ak(i) and dk(i) are coefficients
corresponding to the kth data symbol set in the P data symbol sets, and ak(i) and dk(i) belong to a(i) and d(i),
respectively,
where, P and k are integers.

[0035] For example, it is assumed that in this embodiment, when the information bits of the transmitting terminal are
encoded and transmitted by means of dual-RM codes, the information bits (such as [X(0),L ,X(A)]) may be grouped into
two sets (such as [X(0),L ,X(k)] and [X(k+1),L , X (A)]), and each set is encoded to obtain 24 codeword bits, which may
be expressed as [b1(0),b1(1),L ,b1(23)] and [b2(0),b2(1),L , b2(23)], respectively. Every two codeword bits in each code-
word bit set are modulated to obtain a data symbol (such as QPSK symbol). Therefore, two data symbol sequences [B1
(0),B1(1),L , B1(11)] and [B2(0), B2(1),L , B2(11)] are obtained in total. Subsequently, the 24 data symbols are grouped
into two sets, expressed as [q(0),q(1),L q(11)] and [q(12),q(13),L ,q(23)], where each set includes at least one data
symbol from [B1(0),B1(1),L B1(11)] and at least one data symbol from [B2(0),B2(1),L ,B2(11)], where [q(0),q(1),L ,q(11)]
may be transmitted in the first timeslot over the control channel, and [q(12),q(13),L , q(23)] may be transmitted in the
second timeslot over the control channel. Therefore, on the basis of the embodiment illustrated in FIG. 2, step 201 may
be detailed as follows:

It is assumed that in the coefficient sequences a(i) and d(i) corresponding to the first data symbol sequence, ak(i)
and dk(i) are coefficients corresponding to the data symbols that come from [Bk(0),Bk(1),L , ,Bk(11)] in the first data
symbol sequence. Therefore, in ak(i)+dk(i), at least one pair of ak(u)+dk(u) and ak(v)+dk(v) have unequal moduli.
Or, equivalently, data symbols that come from [Bs1(0),B1(1),L , ,B1(11)] in the first data symbol sequence [q(0),q
(1),L ,q(11)] are multiplied by coefficients a1(i) and d1(i) to obtain two data symbol sequences, respectively; and
then data symbols that come from [B2(0),B2(1),L , B2(11)] in the first data symbol sequence [q(0),q(1),L , q(11)] are
multiplied by coefficients a2(i) and d2(i) to obtain two data symbol sequences, respectively; in addition, in ak(i)+dk
(i) , at least one pair of ak(u)+dk(u) and ak(v)+ dk(v) have unequal moduli, where k=1,2. Subsequently, the data
symbols corresponding to the coefficients a1(i) and a2(i) are arranged according to their order in [q(0),q(1),L , q(11)]
to obtain a second data symbol sequence, and the data symbols corresponding to the coefficients d1(i) and d2(i)
are arranged according to their order in [q(0),q(1),L ,q(11)] to obtain a third data symbol sequence.

[0036] FIG. 4 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention. In this embodiment, format 3 is taken as an example. Specifically, the antennas of the transmitting
terminal are grouped into two arrays to obtain a first antenna array and a second antenna array. Each antenna array
includes at least one antenna. Channel coding (Channel coding), scrambling (scrambling), and QPSK modulation are
performed on information bits received by the user equipment to obtain [q(0),q(1),L ,q(23)], where [q(0),q(1),L ,q(11)]
may be transmitted in the first timeslot over the control channel, and [q(12),q(13),L , q(23)] may be transmitted in the
second timeslot over the control channel. By assuming that [q(0),q(1),L ,q(11)] is transmitted in the first timeslot, this
embodiment describes the technical solutions of the present invention in detail. As shown in FIG. 4, the method in this
embodiment includes the following:

Step 301: Obtain, according to a first data symbol sequence [q(0),q(1),L , q(11)] to be transmitted in a timeslot and
coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(11)q(11)] and a third data symbol
sequence [d(0)q(0),d(1)q(1),L ,d(11)q(11)], where, in a(i)+d(i) , at least one pair of a(u)+d(u) and a(v)+d(v) have
unequal moduli.

[0037] Specifically, i, u, and v are integers, 0≤i≤M -1, 0≤u≤M -1, 0≤v≤M -1, and u ≠ v.
[0038] Step 302: Use the same extension sequence [w(0),w(1),L , w(4)] to extend each data symbol a(i)q(i) in the
second data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence to obtain third N -block
data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q(11)w(m)] and fourth N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)q(11)
w(m)], respectively.
[0039] Step 303: Perform DFT or DFT transformation on each block of data in the third N -block data and each block
of data in the fourth N -block data to obtain fifth N -block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(11)w(m)] and sixth N -block
data [Q2(0)w(m),Q2(1)w(m),L ,Q2(11)w(m)], respectively.
[0040] Step 304: Map the fifth N -block data and the sixth N -block data respectively onto the (m + 1)th SC-FDMA
symbol for data part transmission in the same PRB corresponding to the first antenna array and the second antenna
array, and transmit the data.
[0041] In this embodiment, specifically, cyclic shift may be further performed on the fifth N- block data to obtain: 



EP 2 698 929 A1

11

5

10

15

20

25

30

35

40

45

50

55

[0042] Finally, the sequence is mapped onto the (m + 1)th SC-FDMA symbol for data part transmission in the PRB
corresponding to the first antenna array, and is transmitted. It should be noted that other equivalent implementation may
achieve the same effect of cyclic shift. Taking the first antenna array as an example, according to the nature of DFT/FFT
transformation, each data a(k)q(k)w(m) in [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q(11)w(m)] may be multiplied by

 and then DFT/FFT transformation is performed on the obtained sequence again to obtain the following

sequence: 

[0043] All equivalent implementation shall fall within the protection scope of the present invention, and details are not
described herein. A specific form of mapping the sequence onto the (m + 1)th SC-FDMA symbol for data part transmission
in the PRB may also be shown in Table 1, and is not repeated herein any further.
[0044] Step 305: Transmit a first pair of pilot signals on an SC-FDMA symbol for transmission of pilot portion in the
time-frequency resources corresponding to the first antenna array, and transmit a second pair of pilot signals on an SC-
FDMA symbol for transmission of pilot portion in the pilot resources corresponding to the second antenna array.
[0045] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to an obtained first data symbol sequence and coefficients a(i) and d(i), the same extension sequence is used to process
the second data symbol sequence and the third data symbol sequence, and the processed data is respectively mapped
onto the same time-frequency resources corresponding to a first antenna array and a second antenna array and is
transmitted. In a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli, two antenna arrays of each
transmitting terminal can share time-frequency resources, and each antenna array can use the same extension sequence.
Therefore, resource utilization is improved effectively. In addition, because there are 5 mutually orthogonal extension
sequences, from the perspective of the data part of a timeslot, the same PRB can simultaneously bear PUCCHs trans-
mitted by 5 transmitting terminals. In addition, two antenna arrays of each transmitting terminal each need a pair of pilot
signals, and there are 12 pairs of pilot signals in total. Therefore, from the perspective of the pilot part of the timeslot,
the same PRB can simultaneously bear PUCCHs transmitted by 6 transmitting terminals. In summary, the same PRB
can simultaneously bear PUCCHs transmitted by min (5,6) = 5 transmitting terminals, and thereby resource utilization
is improved effectively.
[0046] Further, in each of the foregoing embodiments of the present invention, it should be noted that when receiving
data transmitted by a transmitting terminal, each receiving antenna of a receiving terminal performs a reverse operation
(generally, analog/digital conversion, FFT, or the like) of OFDM modulation on the data, to obtain data transmitted by
the transmitting terminal and borne on subcarriers of the SC-FDMA symbols of a PRB where the control channel is
located, and de-extends all received data corresponding to each q(i) by using the extension sequence [w(0),w(1),L , w
(4)]. A channel from each antenna array to the receiving antenna is estimated according to the pilot transmitted by each
of the two antenna arrays. The channel from each of the two antenna arrays to the receiving antenna is estimated by
using the data obtained by de-extension, and the coefficients a(i) and d(i) used by each antenna array are demodulated
to obtain a data symbol q(i).
[0047] FIG. 5 is a flowchart of a communication method for a control channel according to another embodiment of the
present invention. In this embodiment, PUCCH format 3 is taken as an example. Specifically, the antennas of the
transmitting terminal are grouped into two arrays to obtain a first antenna array and a second antenna array. Each
antenna array includes at least one antenna. Channel coding (Channel coding), scrambling (scrambling), QPSK mod-
ulation, and DFT transformation are performed on information bits received by the user equipment to obtain [q(0),q(1),
L ,q(23)] , where [q(0),q(1),L ,q(11)] may be transmitted in the first timeslot over the control channel, and [q(12),q(13),
L ,q(23)] may be transmitted in the second timeslot over the control channel. By assuming that [q(0),q(1),L , q(11)] is
transmitted in the first timeslot, this embodiment describes the technical solutions of the present invention in detail. As
shown in FIG. 5, the method in this embodiment includes the following:

Step 401: Obtain, according to a first data symbol sequence [q(0),q(1),L , q(11)] to be transmitted in a timeslot and
coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(11)q(11)] and a third data symbol
sequence [d(0)q(0),d(1)q(1),L ,d(11)q(11)] , where, in a(i)+d(i) , at least one pair of a(u)+d(u) and a(v)+d(v) have
unequal moduli,
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where, i, u, and v are integers, 0≤i≤M -1, and u ≠ v.
Step 402: Use the same extension sequence [w(0),w(1),L , w(4)] to extend each data symbol a(i)q(i) in the second
data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence to obtain seventh N -block
data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q(11)w(m)] and eighth N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)
q(11)w(m)], respectively.
Step 403: Map the seventh N -block data and the eighth N -block data respectively onto the (m + 1)th SC-FDMA
symbol for data part transmission in the same PRB corresponding to the first antenna array and the second antenna
array, and transmit the data.
Step 404: Transmit a first pair of pilot signals on an SC-FDMA symbol for transmission of pilot portion in the time-
frequency resources corresponding to the first antenna array, and transmit a second pair of pilot signals on an SC-
FDMA symbol for transmission of pilot portion in the pilot resources corresponding to the second antenna array.

[0048] Specifically, FIG. 6 is a schematic principle diagram of a communication method for a control channel according
to an embodiment of the present invention. As shown in FIG. 6, an extension sequence [w(0), w(1),L , w(4)] is used to
extend each data symbol a(i)q(i) in the first data symbol sequence to obtain sixth N -block data [a(0)q(0)w(m),a(1)q(1)
w(m),L ,a(11)q(11)w(m)]. Subsequently, the sixth N-block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q(11)w(m)] is
mapped onto the (m+1)th SC-FDMA symbol for data part transmission in the PRB corresponding to the first antenna
array. It should be noted that, in this embodiment, before the sixth N -block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q
(11)w(m]] is mapped onto the (m+1)th SC-FDMA symbol for data part transmission in the PRB corresponding to the first
antenna array, cyclic shift may first be performed on the sixth N -block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(11)q(11)w
(m)], and then a data block obtained by the cyclic shift is mapped onto the (m+1)th SC-FDMA symbol for data part
transmission in the PRB corresponding to the first antenna array. A specific form may be shown in the above Table 1,
and is not repeated herein any further.
[0049] An extension sequence [w(0),w(1),L ,w(4)] is used to extend each data symbol d(i)q(i) in the second data symbol
sequence to obtain seventh N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)q(11)w(m)]. Subsequently, the seventh
N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)q(11)w(m)] is mapped onto the (m + 1)th SC-FDMA symbol for data
part transmission in the PRB corresponding to the second antenna array. It should be noted that, in this embodiment,
before the seventh N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)q(11)w(m)] is mapped onto the (m + 1)th SC-FDMA
symbol for data part transmission in the PRB corresponding to the second antenna array, cyclic shift may first be
performed on the sixth N -block data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(11)q(11)w(m)], and then a data block obtained by
the cyclic shift is mapped onto the (m+1)th SC-FDMA symbol for data part transmission in the PRB corresponding to the
second antenna array. A specific form may be shown in the above Table 2, and is not repeated herein any further.

[0050] More specifically, coefficient a(i) =1, and coefficient  or

Coefficient a(i)=1, and coefficient  or

Coefficient a(i) =1, and coefficient  or

Coefficient  and coefficient 

where, n, γ1, and γ2 are integers, 0≤2n≤M -1, 0≤2n+1≤M -1, 0≤4n≤M -1, 0≤4n+1≤M -1, 0≤4n+2≤M -1, 0≤4n+3≤M -1, and

γ1≠γ2.

[0051] It should be noted that, in this embodiment, the settings of a(i) and d(i) need to ensure a single-carrier feature
of a signal obtained by performing OFDM modulation (or SC-OFDM modulation) on a(i)q(i) and d(i)q(i) transmitted by
the transmitting terminal, so that the efficiency of components such as a power amplifier in the transmitting terminal is
not affected.
[0052] In addition, as shown in the above Table 1, two SC-FDMA symbols (pilot 1 and pilot 2) for transmission of pilot
portion exist in the PRB. In this embodiment, cyclic shift may be performed on a 12-bit root sequence to obtain a cyclically-
shifted sequence RS1(i), where i=0,1,L ,11; the cyclically-shifted sequence is multiplied by coefficients C11 and C12
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respectively to obtain a first pair of pilot signals (C11RS1(i) and C12RS1(i)), and on the basis, in order to avoid randomized
interference, C11RS1(i) and C12RS1(i) in the first pair of pilot signals may further be cyclically shifted to obtain C11RS11
(i) and C12RS12(i), respectively, and finally, C11RS11(i) and C12RS12(i) are mapped onto two corresponding pilot SC-
FDMA symbols. Finally, after other possible processing such as inter-cell interference coordination and interference
randomization, five SC-FDMA symbols for data part transmission and two SC-FDMA symbols for transmission of pilot
portion in the first timeslot undergo OFDM modulation, and are then transmitted from the first antenna array.
[0053] As shown in the above Table 2, two SC-FDMA symbols (pilot 1 and pilot 2) for transmission of pilot portion
exist in the PRB. In this embodiment, cyclic shift may be performed on a 12-bit root sequence to obtain a cyclically-
shifted sequence RS2(i), where i=0,1,L ,11; the cyclically-shifted sequence is multiplied by coefficients C21 and C22 to
obtain a second pair of pilot signals (C21RS21(i) and C22RS22(i)), and on the basis, in order to avoid randomized inter-
ference, C21RS21(i) and C22RS22(i) in the first pair of pilot signals may further be cyclically shifted each, and the obtained
C21RS21(i) and C22RS22(i) are mapped onto two corresponding pilot SC-FDMA symbols. Finally, after other possible
processing such as inter-cell interference coordination and interference randomization, five SC-FDMA symbols for data
part transmission and two SC-FDMA symbols for transmission of pilot portion in the first timeslot undergo OFDM mod-
ulation, and are then transmitted from the second antenna array.
[0054] It should be noted that in the pilot part of the two antenna arrays, [RS1(0),RS1(1),L , RS1(11)] is orthogonal to
[RS2(0),RS2(1),L , RS2(11)] ; or [C11,C12] is orthogonal to [C21,C22]. For example, [C11,C12] and [C21,C22] may be ele-
ments in a sequence set {[1,1],[1,-1]}; or, [RS1(0),RS1(1),L ,RS1(11)] is orthogonal to [RS2(0),RS2(1),L ,RS2(11)], and
[C11,C12] is also orthogonal to [C21,C22]. In addition, in the 12-bit cyclically-shifted sequences, 6 sequences are usable,
and two 2-bit sequences [C11,C12] and [C21,C22] are included. Therefore, 6*2=12 pairs of pilot signals may exist in total.
Each pair of pilot signals is formed by a 12-bit cyclically-shifted sequence and a 2-bit sequence.
[0055] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to a first data symbol sequence to be transmitted in a timeslot and coefficients a(i) and d(i), the same extension sequence
is used to process the second data symbol sequence and the third data symbol sequence, and the processed data is
respectively mapped onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array and is transmitted. In a(i)+ d(i), at least one pair of a(u)+d(u) and a(v)+ d(v) have unequal moduli, two
antenna arrays of each transmitting terminal can share time-frequency resources, and each antenna array can use the
same extension sequence. Therefore, resource utilization is improved effectively. In addition, because there are 5
mutually orthogonal extension sequences, from the perspective of the data part of a timeslot, the same PRB can simul-
taneously bear PUCCHs transmitted by 5 transmitting terminals. In addition, two antenna arrays of each transmitting
terminal each need a pair of pilot signals, and there are 12 pairs of pilot signals in total. Therefore, from the perspective
of the pilot part of the timeslot, the same PRB can simultaneously bear PUCCHs transmitted by 6 transmitting terminals.
In summary, the same PRB can simultaneously bear PUCCHs transmitted by min(5,6)=5 transmitting terminals, and
thereby resource utilization is improved effectively.
[0056] Further, taking the embodiment illustrated in FIG. 5 as an example, the data obtained by a receiving antenna
from subcarriers of SC-FDMA symbols may be expressed as: 

where h1 is a channel fading coefficient from the first antenna array to the receiving antenna, h2 is a fading coefficient
from the second antenna array to the receiving antenna, and N(m) is a noise interference term. Subsequently, all data
corresponding to the data q(i)*w(m) and existing on the receiving terminal may be collected and de-extended by using
the extension sequence [w(0),w(1),L w(4)].
[0057] In addition, the receiving terminal learns which subcarrier of which SC-FDMA symbol of the PRB, where the
control channel is located, the data obtained by extending the same data symbol q(i) on the transmitting terminal is
placed on (or mapped onto). Therefore, the receiving terminal learns which data on the receiving terminal corresponds
to the data q(i)*w(m) obtained by de-extending the same data q(i). The data on the receiving terminal corresponding to
the data q(i)*w(m) obtained by de-extending the same data q(i) may be expressed as [h1*a(i)+h2*d(i)]*q(i)*w(m)+N(k),
where m=0,1,L ,4.
[0058] For example, an extension sequence [w(0),w(1),L w(4)] is used to perform de-extension. For example, w(m)
is multiplied by corresponding received data [h1*a(i)+h2*d(i)]*q(i)*w(m)+N(m) and then the products are summed to obtain: 
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[0059] Subsequently, the channel fading coefficient h1 is estimated by using the pilot transmitted by the first antenna
array, and the channel fading coefficient h2 is estimated by using the pilot transmitted by the second antenna array.
Then, demodulation and decoding are performed by using an estimated channel from the first antenna array to each
receiving antenna, an estimated channel from the second antenna array to each receiving antenna, de-extended data
corresponding to each q(i) on each receiving terminal, and the coefficients a(i) and d(i) corresponding to each q(i) on
each transmitting antenna array.
[0060] Specifically, the receiving terminal now learns h1, h2, a(i), d(i), and w(m), and only the data q(i) transmitted by
the transmitting terminal and the noise interference term are unknown. Therefore, demodulation and decoding may be
performed by using an existing conventional algorithm of the receiving terminal, for example, using a maximum likelihood
algorithm. The data obtained by multiple receiving antennas is processed by using a maximal ratio combining (Maximal
Ratio Combining, MRC for short) algorithm, or a minimal mean square error (Minimal Mean Square Estimation, MMSE)
algorithm, or the like.
[0061] FIG. 7 is a schematic diagram of a communication method for a control channel according to another embodiment
of the present invention. In this embodiment, PUCCH format 2 is taken as an example. Specifically, in this embodiment,
PUCCH format 2 is primarily used to transmit channel quality indicator (Channel Quality Indicator, CQI for short) infor-
mation. In this format, one timeslot (slot) occupies one PRB defined by 3GPP LTE/LTE-A, where the PRB includes 5
SC-FDMA symbols for carrying data and 2 SC-FDMA symbols for carrying pilot signals. More specifically, each SC-
FDMA symbol in the data part of the PRB corresponds to a quaternary phase shift keying (Quaternary Phase Shift
Keying, QPSK for short) modulation symbol, and each QPSK modulation symbol bears 2 bits. Therefore, one timeslot
needs to bear 5*2 = 10 bits in total. In this way, the PUCCH format 2 needs to bear 10 QPSK modulation symbols in
each of the two timeslots, that is, 20 bits in total.
[0062] In this embodiment, when the transmitting terminal includes multiple antennas, the multiple antennas may be
grouped into two arrays: a first antenna array and a second antenna array. Each antenna array may include at least one
antenna. It should be noted that the number of antennas included in different antenna arrays may be equal or unequal.
It is assumed that 10 QPSK modulation symbols [q(0),q(1),L q(9)] are obtained. The symbols [q(0),q(1),L q(9)] are
grouped into two sets: [q(0),q(1),L q(4)] and [q(5),q(6),L q(9)], where [q(0),q(1),L q(4)] may be transmitted in a first
timeslot of a control channel, and [q(5),q(6),L q(9)] may be transmitted in a second timeslot of the control channel. By
assuming that [q(0),q(1),L q(4)] is transmitted in the first timeslot, this embodiment describes the technical solutions of
the present invention in detail. As shown in FIG. 7, the method in this embodiment includes the following:

Step 501: Obtain, according to a first data symbol sequence [q(0),q(1),L ,q(4)] to be transmitted in a timeslot and
coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(4)q(4)] and a third data symbol
sequence [d(0)q(0),d(1)q(1),L ,d(4)q(4)] , where, in a(i)+d(i) , at least one pair of a(u)+d(u) and a(v)+d(v) have un-
equal moduli,
where, i = 0,1,L ,4, 0≤u≤4, 0≤v≤4, and u ≠ v.
Step 502: Use the same extension sequence [w(0),w(1),L ,w(11)] to extend each data symbol a(i)q(i) in the second
data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence, map the extended data
symbols respectively onto the corresponding SC-FDMA symbol for data part transmission in the same PRB corre-
sponding to a first antenna array and a second antenna array, and transmit the data.
Step 503: Transmit a first pair of pilot signals on an SC-FDMA symbol for transmission of pilot portion in the time-
frequency resources corresponding to the first antenna array, and transmit a second pair of pilot signals on an SC-
FDMA symbol for transmission of pilot portion in the pilot resources corresponding to the second antenna array.

[0063] Specifically, FIG. 8 is a schematic principle diagram of a communication method for a control channel according



EP 2 698 929 A1

15

5

10

15

20

25

30

35

40

45

50

55

to an embodiment of the present invention. As shown in FIG. 8, an extension sequence [w(0),w(1),L , w(11)] is used to
perform frequency domain extending on each data symbol a(i)q(i) in the first data symbol sequence, and then the
extended symbols are mapped onto corresponding SC-FDMA symbols for data part transmission in a PRB.
[0064] The extension sequence [w(0),w(1),L ,w(11)] is used to perform frequency domain extending on each data
symbol d(i)q(i) in the second data symbol sequence, and then the symbols on which frequency domain extending is
performed are mapped onto corresponding SC-FDMA symbols for data part transmission in the PRB.
[0065] In addition, for the first antenna array, two SC-FDMA symbols for transmission of pilot portion exist in the PRB.
In this embodiment, cyclic shift may be performed on a 12-bit root sequence to obtain a cyclically-shifted sequence RS1
(i) , where i=0,1,L ,11 ; the cyclically-shifted sequence is multiplied by coefficients C11 and C12 respectively to obtain a
first pair of pilot signals (C11RS1(i) and C12RS1(i)), and on the basis, in order to randomize interference, C11RS1(i) and
C12RS1(i) in the first pair of pilot signals may further be cyclically shifted to obtain sequences C11RS11(i) and C12RS12
(i), respectively, and the two sequences are mapped onto two corresponding pilot SC-FDMA symbols. Finally, after other
possible processing such as inter-cell interference coordination and interference randomization, five SC-FDMA symbols
for data part transmission and two SC-FDMA symbols for transmission of pilot portion in the first timeslot undergo OFDM
modulation, and are then transmitted from the first antenna array.
[0066] For the second antenna array, two SC-FDMA symbols for transmission of pilot portion exist in the PRB. In this
embodiment, cyclic shift may be performed on a 12-bit root sequence to obtain a cyclically-shifted sequence RS2(i),
where i=0,1,L ,11; the cyclically-shifted sequence is multiplied by coefficients C21 and C22 respectively to obtain a second
pair of pilot signals (C21RS21(i) and C22RS22(i)), and on the basis, in order to avoid randomized interference, C21RS21
(i) and C22RS22(i) in the second pair of pilot signals of the sequence may further be cyclically shifted to obtain sequences
C21RS21(i) and C22RS22(i), respectively, and finally, the two sequences are mapped onto two corresponding pilot SC-
FDMA symbols. Finally, after other possible processing such as inter-cell interference coordination and interference
randomization, five SC-FDMA symbols for data part transmission and two SC-FDMA symbols for transmission of pilot
portion in the first timeslot undergo OFDM modulation, and are then transmitted from the second antenna array.
[0067] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to a first data symbol sequence and a(i) and d(i) to be transmitted in a timeslot, the same extension sequence is used
to process the second data symbol sequence and the third data symbol sequence, and the processed data is respectively
mapped onto the same time-frequency resources corresponding to a first antenna array and a second antenna array
and is transmitted. In a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli, two antenna arrays of
each transmitting terminal can use the same extension sequence. Therefore, resource utilization is improved effectively.
In addition, because there are 5 mutually orthogonal extension sequences, from the perspective of the data part of a
timeslot, one PRB can simultaneously bear PUCCHs transmitted by 5 transmitting terminals. In addition, two antenna
arrays of each transmitting terminal each need a pair of pilot signals, and there are 12 pairs of pilot signals in total.
Therefore, from the perspective of the pilot part of the timeslot, the same PRB can simultaneously bear PUCCHs
transmitted by 6 transmitting terminals. In summary, the same PRB can simultaneously bear PUCCHs transmitted by
min(5,6)=5 transmitting terminals, and thereby resource utilization is improved effectively.
[0068] FIG. 9 is a schematic diagram of a communication method for a control channel according to another embodiment
of the present invention. FIG. 10 is a schematic principle diagram of a communication method for a control channel
according to an embodiment of the present invention. As shown in FIG. 10, in this embodiment, when the transmitting
terminal has multiple antennas and the information bits (such as [X(0),L ,X(A)]) of the transmitting terminal are encoded
and transmitted by means of dual-RM codes, the information bits may be grouped into two sets (such as [X(0),L ,X(k)]
and [X(k+1),L ,X(A)]), where each set is encoded to obtain 24 codeword bits so that two codeword bit sets are obtained
in total, which may be expressed as [b1(0),b1(1),L , b1(23)] and [b2(0),b2(1),L , b2(23)], respectively. Every two codeword
bits in each codeword bit set are modulated to obtain a QPSK symbol, and therefore, two QPSK modulation symbol
sequences [B1(0),B1(1),L ,B1(11)] and [B2(0),B2(1),L ,B2(11)] are obtained. Subsequently, the 24 QPSK modulation
symbols are grouped into four sets, expressed as [Q1(0),Q1(1),L ,Q1(5)] , [Q2(0),Q2(1),L ,Q2(5)] , [Q3(0),Q3(1),L ,Q3(5)] ,
and [Q4(0), Q4(1),L, Q4(5)], respectively, where each set includes 6 QPSK modulation symbols, and each set includes
at least one modulation symbol from [B1(0), B1(1),L, B1(11)] and at least one modulation symbol from [B2(0), B2(1),L ,
B2(11)]. [Q1(0),Q1(1),L ,Q1(5)] and [Q2(0), Q2(1),L , Q2(5)] may be transmitted in the first timeslot over the control channel,
and [Q3(0), Q3(1),L , Q3(5)] and [Q4(0),Q4(1),L ,Q4(5)] may be transmitted in the second timeslot over the control channel.
By assuming that [Q1 (0), Q1 (1),L ,Q1 (5)] and [Q2(0),Q2(1),L ,Q2(5)] are transmitted in the first timeslot, this embodiment
describes the technical solutions of the present invention in detail. As shown in FIG. 9 and FIG. 10, the method in this
embodiment further includes the following:

Step 601: Group multiple antennas of the transmitting terminal into two arrays: a first antenna array and a second
antenna array, where each antenna array includes at least one antenna.
Step 602: Map [Q1 (0),Q1(1),L ,Q1(5)] onto subcarriers in odd-number positions of 12 subcarriers of a PRB of a first
timeslot used to transmit information bits on the first antenna array, and then map [Q2(0),Q2(1),L ,Q2(5)] onto sub-
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carriers in even-number positions of 12 subcarriers of the PRB of the first timeslot used to transmit information bits
on the second antenna array.

[0069] It should be noted that [Q3(0),Q3(1),L ,Q3(5)] is mapped onto subcarriers in odd-number positions or even-
number positions of 12 subcarriers of a PRB of a second timeslot used to transmit information bits on the first antenna
array, and then [Q4(0),Q4(1),L ,Q4(5)] is mapped onto the subcarriers in even-number positions or odd-number positions
of 12 subcarriers of a PRB of the second timeslot used to transmit information bits on the second antenna array.
[0070] In addition, it should be noted that, in the PRB used to transmit information bits in each timeslot on each antenna
array, 0 may be mapped to a subcarrier that is mapped to no data symbol.
[0071] Step 603: Use an extension sequence to process the data symbols on each subcarrier, and transmit the
processed data.
[0072] Step 604: Transmit a first pair of pilot signals on an SC-FDMA symbol for transmission of pilot portion in the
PRB corresponding to the first antenna array, and transmit a second pair of pilot signals on an SC-FDMA symbol for
transmission of pilot portion in the pilot resources corresponding to the second antenna array.
[0073] In this embodiment, data symbols on each subcarrier are extended by using an extension sequence, and are
processed to resist inter-cell interference. For example, data on each SC-FDMA symbol is multiplied by the same phase
rotation and/or subcarriers on each SC-FDMA symbol are further multiplied by different phase rotations, and finally, pilot
resources are placed. Then, the processed data symbols are modulated by using OFDM modulation and is transmitted.
[0074] In this embodiment, it should be noted that two pilot symbols in the same timeslot of each antenna array may
be multiplied by coefficients C1 and C2, respectively, where the value of [C1,C2] may be one in the value set {[1, 1], [1,
-1]}; or, no coefficient is multiplied; or, the two pilot symbols in the same timeslot of the two antenna arrays are multiplied
by the same fixed coefficients C1 and C2, where the value of [C1,C2] is fixedly [1,1] or [1, -1].
[0075] In addition, for the pilot part, the two antenna arrays require two pairs of different pilot signals in total. Each
antenna array requires a pair of pilot signals, and the pair of pilot signals include two elements: a 12-bit pilot sequence,
and a 2-bit extension sequence [C1,C2]. Two pairs of pilot signals used by the two antenna arrays are orthogonal on at
least one element. That is, in two pairs of pilot signals on the two antenna arrays, the 12-bit pilot sequences are orthogonal;
or, the 2-bit sequences obtained by multiplying coefficients respectively are orthogonal; or the 12-bit pilot sequences
are orthogonal, and the 2-bit sequences are also orthogonal. However, if the same fixed coefficients C1 and C2 are
multiplied to two pilot symbols in the same timeslot of the two antenna arrays, where the value of [C1,C2] is fixedly [1,
1] or [1, -1], the 12-bit pilot sequences are required to be orthogonal.
[0076] It should be noted that in this embodiment, the method is applicable to different encoding conditions, such as
different encoding methods and different code lengths; or the method is also applicable where the number of OFDM
symbols for carrying data in each timeslot is different from the number of symbols for carrying pilot symbols.
[0077] In this embodiment, multiple antennas of the transmitting terminal are grouped into two arrays: a first antenna
array and a second antenna array, where each antenna array includes at least one antenna. Subsequently, [Q1(0),Q1
(1),L ,Q1(5)] is mapped onto subcarriers in odd-number positions of 12 subcarriers of a PRB of a first timeslot used to
transmit information bits on the first antenna array. Then, [Q2(0), Q2(1),L ,Q2(5)] is mapped onto subcarriers in even-
number positions of 12 subcarriers of a PRB of a first timeslot used to transmit information bits on the second antenna
array, and data symbols on each subcarrier are processed by using an extension sequence, and the processed data is
transmitted. Finally, a first pair of pilot signals are transmitted on an SC-FDMA symbol for transmission of pilot portion
in the PRB corresponding to the first antenna array, and a second pair of pilot signals are transmitted on an SC-FDMA
symbol for transmission of pilot portion in the pilot resources corresponding to the second antenna array, thereby im-
proving resource utilization effectively.
[0078] FIG. 11 is a flowchart of a communication method for a control channel according to another embodiment of
the present invention. As shown in FIG. 11, in this embodiment, the control channel includes at least one timeslot, and
the method in this embodiment includes the following:

Step 701: Receive first data transmitted by a transmitting terminal, where the first data is obtained after the transmitting
terminal uses the same extension sequence [w(0), w(1),L ,w(N-1)] to process a second data symbol sequence [a
(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)] that are ob-
tained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and coefficients
a(i) and d(i), and then mapped respectively onto the same time-frequency resources corresponding to a first antenna
array and a second antenna array and transmitted.

[0079] In this embodiment, the transmitting terminal can implement the technical solutions in the method embodiment
illustrated in FIG. 1, and the implementation principles are similar and not repeated herein any further.
[0080] Step 702: Obtain, according to the first data, the extension sequence [w(0),w(1),L ,w(N-1)], and the coefficients
a(i) and d(i), a data symbol q(i) to be transmitted by the transmitting terminal,
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where, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; i, u, and v are integers, 0 ≤ i ≤ M -
1, 0 ≤ u ≤ M - 1, 0 ≤ v ≤ M - 1, and u ≠ v.
[0081] In this embodiment, the first data transmitted by a transmitting terminal is received, and the data symbols to
be transmitted by the transmitting terminal are obtained according to the first data and the same extension sequence
and coefficients as what are configured by the transmitting terminal. Therefore, the transmitting terminal can improve
resource utilization effectively and accurately obtain the data symbols to be transmitted by the transmitting terminal.
[0082] Further, on the basis of the embodiment shown in FIG. 11, in another embodiment of the present invention,
step 702 may specifically include:

estimating a first fading coefficient h1 of a channel from the first antenna array to the receiving terminal according
to a pilot transmitted by the first antenna array of the transmitting terminal, and estimating a second fading coefficient
h2 of a channel from the second antenna array to the receiving terminal according to a pilot transmitted by the
second antenna array of the transmitting terminal;
de-extending the first data to obtain third data by using the same extension sequence [w(0), w(1),L , w(N - 1)] as
what is configured by the transmitting terminal; and
performing demodulation according to the third data, the first fading coefficient h1, the second fading coefficient h2,
and coefficients a(i) and d(i) to obtain the data symbol q(i) to be transmitted by the transmitting terminal.

[0083] For example, taking the embodiment illustrated in FIG. 5 as an example, the data on the subcarriers on the
SC-FDMA symbols, which is obtained on a receiving antenna of the receiving terminal, may be expressed as: 

where h1 is a channel fading coefficient from the first antenna array to the receiving antenna, h2 is a fading coefficient
from the second antenna array to the receiving antenna, and N(m) is a noise interference term. Subsequently, all data
corresponding to the data q(i) *w(m) and existing on the receiving terminal may be collected, and be de-extended by
using the extension sequence [w(0), w(1),L w(4)].
[0084] In addition, the receiving terminal learns which subcarrier of which SC-FDMA symbol in the PRB, where the
control channel is located, the data obtained by extending the same data symbol q(i) on the transmitting terminal is
placed on (or mapped onto). Therefore, the receiving terminal learns which data on the receiving terminal corresponds
to the data q(i)*w(m) obtained by de-extending the same data q(i). The data on the receiving terminal corresponding to
the data q(i)*w(m) obtained by de-extending the same data q(i) maybeexpressedas [h1*a(i)+h2*d(i)]*q(i)*w(m)+N(m),
where m = 0,1,L ,4.
[0085] For example, an extension sequence [w(0),w(1),L w(4)] is used to perform de-extension. For example, w(m)
is multiplied by corresponding received data [h1*a(i)+h2*d(i)] * q(i)*w(m)+N(m), and then the products are summed to
obtain: 

[0086] Subsequently, the channel fading coefficient h1 is estimated by using the pilot transmitted by the first antenna
array, and the channel fading coefficient h2 is estimated by using the pilot transmitted by the second antenna array.
Then, demodulation and decoding are performed by using an estimated channel from the first antenna array to each
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receiving antenna, an estimated channel from the second antenna array to each receiving antenna, de-extended data
corresponding to each q(i) on each receiving terminal, and the coefficients a(i) and d(i) corresponding to each q(i) on
each transmitting antenna array.
[0087] Specifically, the receiving terminal now learns h1, h2, a(i), d(i), and w(m), and only the data q(i) transmitted by
the transmitting terminal and the noise interference term are unknown. Therefore, demodulation and decoding may be
performed by using an existing conventional algorithm of the receiving terminal, for example, using a maximum likelihood
algorithm. The data obtained by multiple receiving antennas is processed by using a maximal ratio combining (Maximal
Ratio Combining, MRC for short) algorithm, or a minimal mean square error (Minimal Mean Square Estimation, MMSE)
algorithm, or the like.
[0088] FIG. 12 is a schematic structural diagram of a transmitting terminal according to an embodiment of the present
invention. As shown in FIG. 12, the apparatus in this embodiment includes a data symbol obtaining module 11 and a
data symbol processing module 12. The data symbol obtaining module 11 is configured to obtain, according to a first
data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and coefficients a(i) and d(i), a second data
symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q
(M-1)], where, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli. The data symbol processing
module 12 is configured to use the same extension sequence to process the second data symbol sequence and the
third data symbol sequence, map the processed data respectively onto the same time-frequency resources corresponding
to a first antenna array and a second antenna array, and transmit the data, where i, u, and v are integers, 0 ≤ i ≤ M -1,
0 ≤ u ≤ M - 1, 0 ≤ v ≤ M -1, and u ≠ v.
[0089] The transmitting terminal in this embodiment can implement the technical solutions in the method embodiment
illustrated in FIG. 1, and the implementation principles are similar and not repeated herein any further.
[0090] In this embodiment, a second data symbol sequence and a third data symbol sequence are obtained according
to a first data symbol sequence to be transmitted in a timeslot and coefficients a(i) and d(i), the same extension sequence
is used to process the second data symbol sequence and the third data symbol sequence, and the processed data is
respectively mapped onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array and is transmitted. In a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli, and each
antenna array can use the same extension sequence. Therefore, the same PRB can bear more transmitting terminals,
and resource utilization is improved effectively.
[0091] Further, FIG. 13 is a schematic structural diagram of a transmitting terminal according to another embodiment
of the present invention. On the basis of the embodiment illustrated in FIG. 12, as shown in FIG. 13, the data symbol
processing module 12 includes a first transforming unit 121, a first extending unit 122, and a first processing unit 123.
The first transforming unit 121 is configured to perform DFT or FFT transformation for the second data symbol sequence
and the third data symbol sequence to obtain a fourth data symbol sequence [Q1(0),Q1(1),L ,Q1(M-1)] and a fifth data
symbol 1 sequence [Q2(0),Q2(1),L ,Q2(M-1)], respectively. The first extending unit 122 is configured to use the same
extension sequence [w(0),w(1),L ,w(N-1)] to extend each data symbol Q1(i) in the fourth data symbol sequence and
each data symbol Q2(i) in the fifth data symbol sequence. The first processing unit 123 is configured to map first N -block
data [Q1(0)w(m),Q1(1)w(m),L ,Q1(M-1)w(m)] and second N -block data [Q2(0)w(m),Q2(1)w(m),L ,Q2(M-1)w(m)] obtained
by extension respectively onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array, and transmit the data, where m, N, and M are integers, 0 ≤ m ≤ N -1, N ≥ 1, and M ≥ 1.
[0092] The transmitting terminal in this embodiment can implement the technical solutions in the method embodiment
illustrated in FIG. 2, and the implementation principles are similar and not repeated herein any further.
[0093] Further, the data symbols in the first data symbol sequence are formed by P data symbol sets, and the P data
symbol sets are obtained by performing channel coding and modulation on P information bit sets, respectively. Then,
the data symbol obtaining module 11 is further configured to cause at least one pair of ak(u)+dk(u) and ak(v)+dk(v) in ak
(i)+dk(i) to have unequal moduli, where ak(i) and dk(i) are coefficients corresponding to a kth data symbol set in the P
data symbol sets, and ak(i) and dk (i) belong to a(i) and d(i), respectively, where P and k are integers.
[0094] Further, FIG. 14 is a schematic structural diagram of a transmitting terminal according to another embodiment
of the present invention. On the basis of the embodiment illustrated in FIG. 12, as shown in FIG. 14, the data symbol
processing module 12 may further include a second extending unit 124, a second transforming unit 125, and a second
processing unit 126. The second extending unit 124 is configured to use the same extension sequence [w(0),w(1),L ,w
(N-1)] to extend each data symbol a(i)q(i) in the second data symbol sequence and each data symbol d(i)q(i) in the third
data symbol sequence to obtain third N -block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(M-1)q(M-1)w(m)] and fourth N -block
data [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(M-1)q(M-1)w(m)]. The second transforming unit 125 is configured to perform DFT
or FFT transformation on each block of data in the third N -block data and each block of data in the fourth N -block data
to obtain fifth N -block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(M-1)w(m)] and sixth N -block data [Q2(0)w(m),Q2(1)w(m),L ,
Q2(M-1)w(m)], respectively. The second processing unit 126 is configured to map the fifth N -block data and the sixth
N -block data respectively onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array, and transmit the data, where m , N , and M are integers, 0≤m≤N-1, N ≥ 1, and M ≥ 1.
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[0095] The transmitting terminal in this embodiment can implement the technical solutions in the method embodiment
illustrated in FIG. 4, and the implementation principles are similar and not repeated herein any further.
[0096] Further, FIG. 15 is a schematic structural diagram of a transmitting terminal according to another embodiment
of the present invention. On the basis of the embodiment illustrated in FIG. 12, as shown in FIG. 15, the data symbol
processing module 12 may further include a third extending unit 127 and a third processing unit 128. The third extending
unit 127 is configured to use the same extension sequence [w(0), w(1),L ,w(N - 1)] to extend each data symbol a(i)q(i)
in the second data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence to obtain seventh
N -block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(M-1)q(M-1)w(m)] and eighth N -block data [d(0)q(0)w(m),d(1)q(1)w(m),
L ,d(M-1)q(M-1)w(m)], respectively. The third processing unit 128 is configured to map the seventh N -block data and
the eighth N -block data respectively onto the same time-frequency resources corresponding to the first antenna array
and the second antenna array, and transmit the data, where m , N , and M are integers, 0≤m≤N-1, N ≥ 1, and M ≥ 1.
[0097] The transmitting terminal in this embodiment can implement the technical solutions in the method embodiment
illustrated in FIG. 5, and the implementation principles are similar and not repeated herein any further.
[0098] FIG. 16 is a schematic structural diagram of a receiving terminal according to an embodiment of the present
invention. As shown in FIG. 16, the receiving terminal in this embodiment includes a receiving module 21 and an obtaining
module 22. The receiving module 21 is configured to receive first data transmitted by a transmitting terminal, where the
first data is obtained after the transmitting terminal uses the same extension sequence [w(0), w(1),L ,w(N-1)] to process
a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q
(1),L ,d(M-1)q(M-1)] that are obtained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted
in a timeslot and coefficients a(i) and d(i), and then mapped respectively onto the same time-frequency resources
corresponding to a first antenna array and a second antenna array and transmitted. The data symbol obtaining module
22 is configured to obtain, according to first data, an extension sequence [w(0),w(1),L ,w(N-1)], and coefficients a(i) and
d(i), a data symbol q(i) to be transmitted by the transmitting terminal, where, in a(i)+d(i), at least one pair of a(u)+d(u)
and a(v)+d(v) have unequal moduli; i, u, and v are integers, 0≤i≤M-1, 0 ≤ u ≤ M - 1, 0≤v≤M-1, and u ≠ v.
[0099] The receiving terminal in this embodiment can implement the technical solutions in the method embodiment
illustrated in FIG. 11, and the implementation principles are similar and not repeated herein any further.
[0100] In this embodiment, the first data transmitted by a transmitting terminal is received, and the data symbols to
be transmitted by the transmitting terminal are obtained according to the first data and the same extension sequence
and coefficients as what are configured by the transmitting terminal. Therefore, the transmitting terminal can improve
resource utilization effectively and accurately obtain the data symbols to be transmitted by the transmitting terminal.
[0101] Further, FIG. 17 is a schematic structural diagram of a receiving terminal according to another embodiment of
the present invention. On the basis of the embodiment shown in FIG. 16, as shown in FIG. 17, the obtaining module 22
includes a fading coefficient obtaining unit 221, a de-extending unit 222, and a demodulating unit 223. The fading
coefficient obtaining unit 221 is configured to estimate a first fading coefficient h1 of a channel from the first antenna
array to the receiving terminal according to a pilot transmitted by the first antenna array of the transmitting terminal, and
estimate a second fading coefficient h2 of a channel from the second antenna array to the receiving terminal according
to a pilot transmitted by the second antenna array of the transmitting terminal. The de-extending unit 222 is configured
to de-extend the first data to obtain third data by using the same extension sequence [w(0),w(1),L w(N-1)] as what is
configured by the transmitting terminal. The demodulating unit 223 is configured to perform demodulation according to
the third data, the first fading coefficient h1, the second fading coefficient h2, and coefficients a(i) and d(i), to obtain the
data symbol q(i) to be transmitted by the transmitting terminal.
[0102] A person of ordinary skill in the art may understand that, all or a part of the steps of the foregoing method
embodiments may be implemented by a program instructing relevant hardware. The foregoing programs may be stored
in a computer readable storage medium. When the program runs, the foregoing steps included in the method embodi-
ments are performed. The foregoing storage medium includes various mediums capable of storing program codes, such
as a ROM, a RAM, a magnetic disk or an optical disk.
[0103] Finally, it should be noted that the foregoing embodiments are merely intended for describing the technical
solutions of the present invention other than limiting the present invention. Although the present invention is described
in detail with reference to the foregoing embodiments, a person of ordinary skill in the art should understand that mod-
ifications may still be made to the technical solutions described in the foregoing embodiments, or equivalent replacements
may still be made to some technical features thereof, without departing from the spirit and scope of the technical solutions
of the embodiments of the present invention.

Claims

1. A communication method for a control channel, wherein the control channel comprises at least one timeslot, and
the method comprises:
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obtaining, according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and
coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data
symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)], wherein, in a(i)+d(i), at least one pair of a(u)+d(u) and a
(v)+d(v) have unequal moduli; and
using the same extension sequence [w(0),w(1),L ,w(N-1)] to process the second data symbol sequence and
the third data symbol sequence, mapping the processed data respectively onto the same time-frequency re-
sources corresponding to a first antenna array and a second antenna array, and transmitting the data,
wherein, i, u, and v are integers, 0≤i≤ M -1, 0≤u≤M-1, 0≤v≤M-1, and u ≠ v.

2. The communication method for a control channel according to claim 1, wherein: the using the same extension
sequence [w(0),w(1),L ,w(N-1)] to process the second data symbol sequence and the third data symbol sequence,
mapping the processed data respectively onto the same time-frequency resources corresponding to a first antenna
array and a second antenna array, and transmitting the data, comprise:

performing discrete Fourier transformation or fast Fourier transformation on the second data symbol sequence
and the third data symbol sequence to obtain a fourth data symbol sequence [Q1(0),Q1(1),L ,Q1(M-1)] and a
fifth data symbol 1 sequence [Q2(0),Q2(1),L , Q2(M-1)], respectively;
using the same extension sequence to extend each data symbol Q1 (i) in the fourth data symbol sequence and
each data symbol Q2(i) in the fifth data symbol sequence; and
mapping first N -block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(M-1)w(m)] and second N -block data [Q2(0)w(m),Q2
(1)w(m),L ,Q2(M-1)w(m)] obtained by extension respectively onto the same time-frequency resources corre-
sponding to the first antenna array and the second antenna array, and transmitting the data,
wherein, m , N , and M are integers, 0≤m≤N-1, N≥1, and M≥1.

3. The communication method for a control channel according to claim 1, wherein: the using the same extension
sequence [w(0),w(1),L ,w(N-1)] to process the second data symbol sequence and the third data symbol sequence,
mapping the processed data respectively onto the same time-frequency resources corresponding to a first antenna
array and a second antenna array, and transmitting the data, comprise:

using the same extension sequence to extend each data symbol 1 a(i)q(i) in the second data symbol sequence
and each data symbol d(i)q(i) in the third data symbol sequence to obtain third N -block data [a(0)q(0)w(m),a
(1)q(1)w(m),L ,a(M-1)q(M-1)w(m)] and fourth N -blockdata [d(0)q(0)w(m),d(1)q(1)w(m),L ,d(M-1)q(M-1)w(m)];
performing discrete Fourier transformation or fast Fourier transformation on each block of data in the third N
-block data and each block of data in the fourth N -block data to obtain fifth N -block data [Q1(0)w(m),Q1(1)w
(m),L ,Q1(M-1)w(m)] and sixth N -block data [Q2(0)w(m),Q2(1)w(m),L ,Q2(M-1)w(m)], respectively; and
mapping the fifth N -block data and the sixth N -block data respectively onto the same time-frequency resources
corresponding to the first antenna array and the second antenna array, and transmitting the data,
wherein, m , N , and M are integers, 0≤m≤N-1, N ≥ 1, and M≥1.

4. The communication method for a control channel according to claim 1, wherein: the using the same extension
sequence [w(0),w(1),L ,w(N-1)] to process the second data symbol sequence and the third data symbol sequence,
mapping the processed data respectively onto the same time-frequency resources corresponding to a first antenna
array and a second antenna array, and transmitting the data, comprise:

using the same extension sequence to extend each data symbol 1 a(i)q(i) in the second data symbol sequence
and each data symbol d(i)q(i) in the third data symbol sequence to obtain seventh N -block data [a(0)q(0)w(m),
a(1)q(1)w(m),L ,a(M-1)q(M-1)w(m)] and eighth N -block data [d(0)q(0)Qw(m),d(1)Qq(1)w(m),L ,d(M-1)q(M-1)w
(m)], respectively; and
mapping the seventh N -block data and the eighth N -block data respectively onto the same time-frequency
resources corresponding to the first antenna array and the second antenna array, and transmitting the data,
wherein, m , N , and M are integers, 0≤m≤N-1, N≥1, and M≥1.

5.
The communication method for a control channel according to claim 1, wherein: the coefficient a(i) =1, and the

coefficient  or
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the coefficient a(i) =1, and the coefficient  or

the coefficient a(i) =1, and the coefficient  or

the coefficient  and the coefficient 

wherein, n, γ1, and γ2 are integers, 0≤2n≤M-1, 0≤2n+1≤M-1, 0≤4n≤M-1, 0≤4n+1≤M-1, 0≤4n+2≤M-1, 0≤4n+3≤M-1,

and γ1 ≠ γ2.

6. The communication method for a control channel according to claim 1, wherein: the data symbols in the first data
symbol sequence are formed by P data symbol sets, and the P data symbol sets are obtained by performing channel
coding and modulation performed on P information bit sets, respectively; and in a(i)+d(i), at least one pair of a(u) +
d (u) and a(v) + d (v) have unequal moduli, as detailed below:

in ak (i)+dk(i), at least one pair of ak(u)+dk(u) and ak(v)+dk(v) have unequal moduli, wherein ak(i) and dk(i) are
coefficients corresponding to a kth data symbol set in the P data symbol sets, and ak(i) and dk(i) belong to a(i)
and d(i), respectively,
wherein, P and k are integers.

7. A transmitting terminal, comprising:

a data symbol obtaining module, configured to obtain, according to a first data symbol sequence [q(0),q(1),L ,
q(M-1)] to be transmitted in a timeslot and coefficients a(i) and d(i), a second data symbol sequence [a(0)q(0),
a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)], wherein, in a
(i) + d (i), at least one pair of a (u) + d (u) and a(v) + d(v) have unequal moduli; and
a data symbol processing module, configured to use the same extension sequence [w(0),w(1),L ,w(N-1)] to
process the second data symbol sequence and the third data symbol sequence, map the processed data
respectively onto the same time-frequency resources corresponding to a first antenna array and a second
antenna array, and transmit the data,
wherein, i, u, and v are integers, 0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u≠v.

8. The transmitting terminal according to claim 7, wherein the data symbol processing module comprises:

a first transforming unit, configured to perform discrete Fourier transformation or fast Fourier transformation on
the second data symbol sequence and the third data symbol sequence to obtain a fourth data symbol sequence
[Q1 (0),Q1(1),L Q1(M-1)] and a fifth data symbol sequence [Q2(0),Q2(1),L ,Q2(M-1)], respectively;
a first extending unit, configured to use the same extension sequence to extend each data symbol Q1 (i) in the
fourth data symbol sequence and each data symbol Q2 (i) in the fifth data symbol sequence; and
a first processing unit, configured to map first N -block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(M-1)w(m)] and second
N -block data [Q2(0)w(m),Q2(1)w(m),L ,Q2(M-1)w(m)] obtained by extension respectively onto the same time-
frequency resources corresponding to the first antenna array and the second antenna array, and transmit the
data,
wherein, m , N , and M are integers, 0≤m≤N-1, N≥1, and M≥1.

9. The transmitting terminal according to claim 7, wherein the data symbol processing module comprises:

a second extending unit, configured to use the same extension sequence to extend each data symbol a(i)q(i)
in the second data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence to obtain
third N -block data [a(0)q(0)w(m),a(1)q(1)w(m),L ,a(M-1)q(M-1)w(m)] and fourth N -block data [d(0)q(0)w(m),d
(1)q(1)w(m),L ,d(M-1)q(M-1)w(m)], respectively;
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a second transforming unit, configured to perform discrete Fourier transformation or fast Fourier transformation
on each block of data in the third N -block data and each block of data in the fourth N -block data to obtain fifth
N -block data [Q1(0)w(m),Q1(1)w(m),L ,Q1(M-1)w(m)] and sixth N -block data [Q2(0)w(m),Q2(1)w(m),L ,Q2(M-
1)w(m)], respectively; and
a second processing unit, configured to map the fifth N -block data and the sixth N -block data respectively onto
the same time-frequency resources corresponding to the first antenna array and the second antenna array, and
transmit the data,
wherein, m , N , and M are integers, 0≤m≤N-1, N ≥ 1, and M≥1.

10. The transmitting terminal according to claim 7, wherein the data symbol processing module comprises:

a third extending unit, configured to use the same extension sequence to extend each data symbol a(i)q(i) in
the second data symbol sequence and each data symbol d(i)q(i) in the third data symbol sequence to obtain
seventh N -block data [a(0)Q(0)w(m),a(1)Q(1)w(m),L ,a(M-1)Q(M-1)w(m)] and eighth N-block data [d(0)Q(0)w
(m),d(1)Q(1)w(m),L ,d(M-1)Q(M-1)w(m)], respectively; and a third processing unit, configured to map the sev-
enth N -block data and the eighth N -block data respectively onto the same time-frequency resources corre-
sponding to the first antenna array and the second antenna array, and transmit the data,
wherein, m , N , and M are integers, 0≤m≤N-1, N≥1, and M≥1.

11. The transmitting terminal according to claim 7, wherein: data symbols in the first data symbol sequence are formed
by P data symbol sets, and the P data symbol sets are obtained by performing channel coding and modulation on
P information bit sets, respectively, and then, the data symbol obtaining module is further configured to cause at
least one pair of ak(u)+dk(u) and ak(v)+dk(v) in ak(i)+dk(i) to have unequal moduli, wherein ak(i) and dk(i) are coef-
ficients corresponding to a kth data symbol set in the P data symbol sets, and ak(i) and dk(i) belong to the a(i) and
the d(i), respectively,
wherein, P and k are integers.

12. A communication method for a control channel, wherein the control channel comprises at least one timeslot, and
the method comprises:

receiving first data transmitted by a transmitting terminal, where the first data is obtained after the transmitting
terminal uses the same extension sequence [w(0), w(1),L ,w(N-1)] to process a second data symbol sequence
[a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q(0),d(1)q(1),L ,d(M-1)q(M-1)] that
are obtained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)] to be transmitted in a timeslot and
coefficients a(i) and d(i), and then mapped respectively onto the same time-frequency resources corresponding
to a first antenna array and a second antenna array and transmitted; and
obtaining, according to the first data, the extension sequence [w(0),w(1),L w(N-1)], and the coefficients a(i) and
d(i), a data symbol q(i) to be transmitted by the transmitting terminal,
wherein, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; i, u, and v are integers,
0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u ≠ v.

13. The communication method for a control channel according to claim 12, wherein: the obtaining, according to the
first data, the extension sequence [w(0),w(1),L ,w(N-1)], and the coefficients a(i) and d(i), the data symbol q(i) to be
transmitted by the transmitting terminal comprises:

estimating, according to a pilot transmitted by the first antenna array of the transmitting terminal, a first fading
coefficient h1 of a channel from the first antenna array to a receiving terminal, and estimating, according to a
pilot transmitted by the second antenna array of the transmitting terminal, a second fading coefficient h2 of a
channel from the second antenna array to the receiving terminal;
de-extending the first data to obtain third data by using the same extension sequence [w(0),w(1),L , w(N-1)] as
what is configured by the transmitting terminal; and
performing demodulation according to the third data, the first fading coefficient h1, the second fading coefficient
h2, and the coefficients a(i) and d(i) to obtain a data symbol q(i) to be transmitted by the transmitting terminal.

14. A receiving terminal, comprising:

a receiving module, configured to receive first data transmitted by a transmitting terminal, where the first data
is obtained after the transmitting terminal uses the same extension sequence [w(0),w(1),L ,w(N-1)] to process
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a second data symbol sequence [a(0)q(0),a(1)q(1),L ,a(M-1)q(M-1)] and a third data symbol sequence [d(0)q
(0),d(1)q(1),L ,d(M-1)q(M-1)] that are obtained according to a first data symbol sequence [q(0),q(1),L ,q(M-1)]
to be transmitted in a timeslot and coefficients a(i) and d(i), and then mapped respectively onto the same time-
frequency resources corresponding to a first antenna array and a second antenna array and transmitted; and
an obtaining module, configured to obtain, according to the first data, the extension sequence [w(0),w(1),L ,w
(N-1)], and the coefficients a(i) and d(i), a data symbol q(i) to be transmitted by the transmitting terminal,
wherein, in a(i)+d(i), at least one pair of a(u)+d(u) and a(v)+d(v) have unequal moduli; i, u, and v are integers,
0≤i≤M-1, 0≤u≤M-1, 0≤v≤M-1, and u ≠ v.

15. The receiving terminal according to claim 14, wherein the obtaining module comprises:

a fading coefficient obtaining unit, configured to estimate, according to a pilot transmitted by the first antenna
array of the transmitting terminal, a first fading coefficient h1 of a channel from the first antenna array to the
receiving terminal, and estimate, according to a pilot transmitted by the second antenna array of the transmitting
terminal, a second fading coefficient h2 of a channel from the second antenna array to the receiving terminal;
a de-extending unit, configured to de-extend the first data to obtain third data by using the same extension
sequence [w(0),w(1),L ,w(N-1)] as what is configured by the transmitting terminal; and
a demodulating unit, configured to perform demodulation according to the third data, the first fading coefficient
h1, the second fading coefficient h2, and coefficients a(i) and d(i) to obtain the data symbol q(i) to be transmitted
by the transmitting terminal.
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